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Summary. Anaemia is a global public health problem affecting both developing and developed countries with 
major consequences for human health as well as social and economic development. It occurs at all stages of the 
life cycle, but is more prevalent in pregnant women and young children. Iron deficiency anaemia (IDA) was 
considered to be among the most important contributing factors to the global burden of disease. Prolonged 
and/or chronic anemia has a negative effect on linear growth especially during the rapid phases (infancy and 
puberty). Additionally infants with chronic IDA have delayed cognitive, motor, and affective development 
that may be long-lasting. In view of the significant impact of chronic anemias on growth, pediatricians en-
docrinologists and hematologists should advocate primary prevention and screening for growth disturbance 
in these forms of anemias. The extent of the negative effect of different forms of chronic anemias on linear 
growth and its possible reversibilty is addressed in this review. The possible mechanisms that may impair 
growth in the different forms of anemias are addressed with special attention to their effect on the growth 
hormone (GH) – insulin like growth factor –I (IGF-I). (www.actabiomedica.it)
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Introduction

Anaemia is a condition in which the number of 
red blood cells (and consequently their oxygen-carry-
ing capacity) is insufficient to meet the body’s physi-
ologic needs. Anemia is defined as a hemoglobin level 
of less than the 5th percentile for age (<11 g/dL in 
children aged 6-59 months, <11.5 g/dl in children 
aged 5-11 years and 12 g/dl in older children (aged 12-
14) . Severe anaemia is defined as blood haemoglobin 
concentration <7 g/dL for children (1-3).

Children (6-59 months) for 2011 showed a high 
global prevalence of anemia (42%). Prevalence in-
cluded African region (32%), regions of the Americas 
(56%), South east Asia (41%), European region (54%), 

Eastern Mediterranean region (38%) and Western Pa-
cific region (64%) (4).

Anemia may result from a number of causes. Ap-
proximately 50% of cases or more are due to iron defi-
ciency (ID). However, the prevalence of iron deficiency 
anemia (IDA) varies among population groups and 
in different areas of the world (5-8). Other causes of 
anemia include: micronutrient deficiencies, acute and 
chronic infections, and inherited or acquired disorders 
that affect hemoglobin synthesis, red blood cell produc-
tion or red blood cell survival (e.g. hemoglobinopathies). 

Approximately 5% of the worldwide population 
has a variation in the a or β chain of the hemoglobin 
molecule, although not all of these are symptomatic 
and some are known as silent carriers. Sickle cell dis-
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ease (SCD) is more common in people of Central Afri-
can origin while β-thalassaemias are more common in 
Mediterranean, Middle Eastern and Southeast Asian 
populations (9, 10). Only 1.7% of the global population 
has signs as a result of the gene mutations, known as a 
thalassemia trait. However, particular ethnic groups are 
more likely to be affected and 5-30% of the population 
may be symptomatic among these groups (11-14).

ID and IDA are associated with many acute and 
chronic complications because iron is essential for all 
tissues of the developing body. In infants and young 
children, severe chronic anemia may lead to delayed 
growth and long term effects on neurodevelopment 
and behavior. The pathogenesis of these changes in-
cludes negative effect on neurotransmitter myelination 
and monoamine metabolism in striatum and the hip-
pocampus and impaired energy metabolism. 

Anemia with iron deficiency versus anemia with iron 
excess

Iron performs vital functions including carrying 
of oxygen from lung to tissues, transport of electrons 
within cells, acting as co-factor for essential enzymatic 
reactions, including synthesis of steroid hormones and 
neurotransmission. Mitochondria supply cells with 
adenosine triphosphate, heme, and iron-sulfur clus-
ters (ISC). Mitochondrial energy metabolism involves 
both heme-and ISC-dependent enzymes. Mitochon-
drial iron supply and function require iron regulatory 
proteins that control messenger RNA translation and 
stability and iron is positively correlated with mito-
chondrial oxidative capacity. Ferritin is the stored form 
of iron used by the cells, and is a better measure of 
available iron levels than serum iron. Iron deficiency 
and IDA can negatively affect these functions. (15-17).

On the other hand excess iron accumulation 
causes organ dysfunction through the production of 
reactive oxygen species. As there is no passive excre-
tory mechanism of iron, iron is easily accumulated 
when exogenous iron is loaded by hereditary factors, 
repeated transfusions, and other diseased conditions. 
The free irons, non-transferrin-bound iron, and labile 
plasma iron in the circulation, and the labile iron pool 
within the cells, are responsible for iron toxicity. There 

is a sophisticated balance of body iron metabolism of 
storage and transport, which is regulated by several 
factors including the peptide hepcidin. The character-
istic features of advanced iron overload are failure of 
vital organs such as liver and heart in addition to en-
docrine dysfunctions (18).

Effect of antenatal and infant anemia on growth

Early ID appears to have specific effects on the 
central nervous system. In the rat, a brief period of ID 
during the brain growth spurt (10-28 days) causes a 
lasting deficit in brain iron, which persists into adult-
hood despite correction of the anemia. ID alters neu-
rotransmitter function in the brains of ID rats. The 
activity of monoamine oxidase and aldehyde oxidase, 
enzymes and the functional activity of dopamine Dd2 
receptors are reversibly diminished. Many dopamine-
mediated behaviors are modified (19-21). Pregnant 
rats on Fe restricted diet produced litters with a signif-
icant reduction in the physical growth indexes (body 
weight, body length, tail length, and head length) 
compared with the control group. These results suggest 
that adequate Fe is essential during both intrauterine 
and neonatal life (22). 

Transfer of iron from the mother to the fetus is 
supported by a substantial increase in maternal iron 
absorption during pregnancy and is regulated by the 
placenta. Most iron transfer to the fetus occurs after 
week 30 of gestation, which corresponds to the time 
of peak efficiency of maternal iron absorption. A pla-
cental iron transfer system regulates iron transport to 
the fetus. When maternal iron status is poor, the num-
ber of placental transferrin receptors increases so that 
more iron is taken up by the placenta. Excessive iron 
transport to the fetus may be prevented by the pla-
cental synthesis of ferritin. Evidence is accumulating 
that the capacity of this system may be inadequate to 
maintain iron transfer to the fetus when the mother is 
iron deficient (23). 

In human studies, the incidence of low birth 
weight babies is significantly more in mothers who are 
anemic in their third trimester. Preterm deliveries oc-
cur more frequently in mothers who are anemic in their 
second and third trimesters. In one study, a doubling 
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of low birth weight rate and 2 to 3 fold increase in the 
perinatal mortality rates is seen when the maternal Hb 
is <8 g/dL. In another study, a U-shape relationship 
was found between Hb concentration and the risk of 
preterm delivery and low birth weight. Severe anemia 
and high hemoglobin concentration were both associ-
ated with increased risk of preterm deliveries and low 
birth weight (24-30). 

In a multivariate regression analysis of data from 
691 women in rural Nepal, the odds for low birth 
weight were increased across the range of anemia in-
creasing with lower hemoglobin in an approximately 
dose-related manner (31). On the other hand a Brazil-
ian study assessed the association between iron status 
at birth and growth of 95 preterm infants. At birth no 
association was found between markers of iron status 
and gestational age, weight, and length. Both crude 
and adjusted analyses showed no effect of iron status 
on infantile postnatal growth (32).

Effect of anemia and iron supplementation on
growth of children with and without IDA

Few controlled studies have investigated the ef-
fect of IDA, and the effect of treatment with iron, on 
growth in children. One study showed that treatment 
of children with IDA with oral iron for 2 months 
resulted in a considerably greater increase in weight 
velocity compared to the placebo group (33). Other 
studies supported these observations, and also suggest-
ed that the correction of anemia is associated with a 
reduction in the increased morbidity (fever, respiratory 
tract infections, diarrhea) frequently seen in children 
with IDA (34, 35).

Bhatia et al. assessed the growth status of 117 
anemic (Hb 7-10 g/dl) and 53 normal (11 g/dl) chil-
dren (3-5 years). The anemic children had significantly 
lower body weight, height and weight for age (36).  
Soliman et al. measured growth and parameters in 40 
children (aged 17.2±12.4 months) with IDA before 
and for 6 months after iron therapy in comparison 
with normal controls. Before treatment children with 
IDA were significantly shorter and had slower growth 
velocity (GV) compared with age-matched controls. 
After treatment, their GV, length standard deviation 

scores (LSDS) and body mass index (BMI) increased 
significantly (significant catch-up of growth). Their 
GV was correlated significantly with mean Hb con-
centration (36). 

In school children Bandhu et al. found that those 
with IDA had significantly lower mid-arm circum-
ference (MAC) (boys and girls), head circumference 
(HC) (girls) and Ht (boys), when compared to the 
normal group. Iron supplementation improved their 
hematological parameters which was associated with 
significant improvement of Ht, Wt and MAC. Growth 
of anemic children supplemented with iron was supe-
rior to that of anemic placebo-treated children as indi-
cated by a better weight gain and a significantly higher 
weight for height (38).

In summary, IDA in children, especially during the 
infancy and early childhood can significantly impairs 
growth that can be corrected by adequate iron therapy.

The effect of blind iron supplementation on linear 
growth in infants and children 

A systematic review analyzed 25 randomized 
controlled trials (RCTs) that evaluated the effect of 
iron supplementation on physical growth in children 
(interventions included oral or parenteral iron supple-
mentation, or iron-fortified formula milk or cereals). 
The pooled estimates did not document a statistically 
significant positive effect of iron supplementation on 
any anthropometric variable including weight [Wt]-
for-age, Wt-for-height [Ht],Ht-for-age, mid-arm 
circumference [MAC] and skinfold thickness. How-
ever, greater Wt-for-age in supplemented children in 
malaria hyper-endemic regions and greater Wt-for-Ht 
for children above 5 years of age were noted. On the 
other hand a negative effect on linear growth was ob-
served in developed countries and with supplementa-
tion for 6 months or longer (39).

A meta-analysis of 21 RCTs examining iron (sup-
plementation) interventions in children and adoles-
cents aged <18 years found that the iron-supplementa-
tion had no significant effect on growth (40). Another 
meta-analysis studied the effect of iron intervention 
using iron-fortified foods, iron-fortified formula, or 
iron supplements on growth (Ht, Wt, MAC) during 
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gestation, infancy, childhood, and adolescence. The 
overall pooled result showed no significant effects of 
iron intervention on any of the parameters measured. 
When results were stratified according to dose of iron, 
duration of intervention, age, and baseline iron status, 
only doses of 40-66 mg of supplemental iron and in-
tervention in children ≥6 years of age showed a slight 
but significant association with weight and MAC (41).

A multicentre pragmatic controlled trial studied 
the effect of providing multiple micronutrients (MNP) 
in powder through primary healthcare on anemia and 
growth of young Brazilian Children (n=512). MNP 
effectively reduced anemia and improved growth and 
micronutrient status among this cohort of Brazilian 
children (42). In addition, iron supplementation ap-
peared to have a positive effect on the physical perfor-
mance of children, as evaluated through the post exer-
cise heart rate in anemic subjects, blood lactate levels 
and treadmill endurance time. Blood lactate levels 
were significantly lower (p<0.05) in iron supplemented 
group in comparison to placebo both before and after 
exercise. Treadmill endurance time was significantly 
better in iron supplemented group when compared 
with placebo in one study (43).

Effect of iron deficiency anemia and iron treatment 
on growth hormone-insulin-like growth factor-I axis 

Endocrine paths have been proposed to explain 
the effect of IDA on growth. Anemia imposes a hy-
poxic condition on hepatocytes which inhibits protein 
synthesis. In vitro, low oxygen conditions inhibit insu-
lin-like growth factor-I (IGF-I) action by increasing 
IGF binding protein -1 (IGFBP-1), especially phos-
phorylated IGFBP-1, which inhibits IGF-I action. 
Moreover, hypoxia inhibits the IGF-I-induced cell 
proliferation (36, 44-47). In-vitro, hypoxic conditions 
lead to increasing hypoxia induced factor (HIF-1a) 
availability which decreases hGH RNA levels and is 
accompanied by recruitment of HIF-1a to the hGH1 
promoter in situ (48) .

Transferrin (Tf ) is the major circulating iron 
binding protein. In addition to its function as the 
Fe3+-carrier protein in serum, it has a unique ability to 
bind IGFs and to interact with IGFBP-3. Tf can abol-

ish IGFBP-3-induced cell proliferation and apoptosis 
in different cell lines. On the other hand, the Fe3±Tf 
complex might facilitate the transport of IGFs across 
the capillary wall by receptor-mediated transcytosis. 
Therefore, increased Tf during IDA may adversely af-
fect the integrity of IGF-I system (47).

Effect of anemia on GH-IGF-I axis (Animal studies)

Calves with IDA were found to have low plas-
ma IGF-I concentrations. After recombinant growth 
hormone (GH) administration, increments in IGF-I 
in IDA calves were reduced despite high plasma GH 
levels. This suggested decreased sensitivity (partial re-
sistance) to GH during anemia (49, 50).

In Wistar rats, dietary ID decreased hematocrit 
and Hb concentrations, IGF-I, 1,25-dihydroxychole-
calciferol, and osteocalcin concentrations and bone 
mineral density of the femur and vertebrae compared 
with control rats. Bone histomorphometric param-
eters showed that the bone formation rate and osteo-
clast surface in the lumbar vertebra were significantly 
reduced in the ID group compared with the control 
group (50-53). 

Gestational ID in rats attenuates postnatal hip-
pocampal IGF signaling and results in markedly sup-
pressed hippocampal IGF activation and protein ki-
nase B signaling. Early postnatal iron treatment of 
gestational ID reactivates the IGF system and pro-
motes neurogenesis and differentiation in the hip-
pocampus (54, 55).

Effect of anemia on GH-IGF-I axis in children, 
adolescents and adults 

Isguven et al. studied 25 prepubertal children 
with IDA and 25 healthy controls. IGF-1, ghrelin, 
and insulin levels were significantly lower in the ID 
group (56). They suggested that low ghrelin and in-
sulin levels might be the cause of the appetite loss in 
IDA. In addition, low Ghrelin (a GH secretagogue) 
may decrease GH and subsequently IGF-I secretion 
and related growth delay both to low IGF-1 secretion 
and appetite loss (56). 
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In 40 infants and young children with IDA (Hb = 
8.2±1.2 g/dL) treated for 6 months with iron therapy, 
circulating IGF-I increased significantly, along with 
acceleration of GV and increased length SDS and 
BMI (56).

In adolescents, Choi and Kim reported significant 
correlation between Hb concentration and serum iron 
on the one hand and IGF-I concentration on the other 
hand (57). 

In a large cohort (n=1,093) of adults the asso-
ciation of IGF-I with Hb concentration was studied. 
Anemic adults exhibited significantly lower IGF-I 
compared with non-anemic controls (58, 59).

Effect of thalassemia on growth and growth 
hormone-insulin-like growth factor-I axis 

Thalassemia and growth are linked by different, 
multifactorial mechanisms. Growth retardation occurs 
almost invariably in homozygous β-thalassemia. Sig-
nificant size retardation is observed in stature, sitting 
height, weight, biacromial (shoulder), and bicristal (iliac 
crest) breadths. After the age of 4 years, the longitudinal 
growth patterns display rates consistently behind those 
of normal controls. Growth retardation becomes mark-
edly severe with the failure of the pubertal growth spurt. 
With the introduction of high transfusion regimes and 
efficient iron chelation in thalassemia management, 
prepubertal linear growth has improved markedly. 
However, abnormal growth is still observed in the ma-
jority of patients during late childhood and adolescence 
(46). Hemosiderosis (secondary to repeated packed cell 
transfusion) induced damage of the endocrine glands 
(pituitary, thyroid, gonads, and pancreas), liver, and 
growth plate. All these factors appear to contribute to 
slow growth in these children and adolescents (60-62).

Many studies done on children with thalassem-
ia have shown a variable prevalence of defective GH 
secretion in response to different stimuli (clonidine, 
glucagon, Insulin hypoglycemia, and GH-releasing 
hormone). Some of the short thalassemic children 
with normal GH secretion, have neurosecretory dys-
function of GH secretion. In addition, IGF-I concen-
trations have been shown to be low in the majority of 
children and adults with thalassemia, with or without 

GH deficiency (63-67). However, other important 
factors also contribute to this growth delay including 
repeated lowering of Hb (anemic hypoxia), hepatic si-
derosis and toxicity of chelation therapy (68, 69). 

One-day-IGF-1 generation tests have shown 
lower IGF-I generation in thalassemic children com-
pared with normal short children and those with 
GHD. Defective GH secretion and hepatic sidero-
sis are major causes of low IGF-I secretion (67, 69). 
Acute correction of anemia, by packed cell transfu-
sion, significantly increases the serum concentration of 
IGF-I but does not affect GH secretion or IGF-I in 
response to GH stimulation. Some acceleration of lin-
ear growth can be achieved by GH therapy; however 
this growth response appears inferior to the response 
of non-thalassemic children with GH deficiency. In 
addition, increasing caloric intake and improving nu-
trition has been shown to increase IGF-1 and growth 
in these patients (63-66).

Effect of Sickle cell Disease (SCD) on growth and 
growth hormone-insulin-like growth factor-I axis 

Sickle-cell disease is the most prevalent genetic 
hematologic condition in the United States. Numer-
ous studies have demonstrated poor growth and de-
layed maturation in children with homozygous SCD; 
however, the pathophysiology remains inadequately 
understood. 

At birth, affected children have normal weight 
and length. However, around 6 months of age their 
growth patterns begin to diverge from normal. The 
growth deficits experienced by these children remain 
a problem with clinical significance. The severity of 
the disease, microcirculation disorder, the affection of 
GH-IGF-I axis, delayed puberty, defective nutrition 
and hypermetabolic status are important factors affect-
ing growth in these patients (70, 71).

Soliman et al, studied a large cohort of children 
and adolescents with SCD (n=110) and thalassaemia 
(n=72) receiving nearly the same protocol of transfu-
sion and chelation, and compared them with those for 
200 normal age-matched children, 30 children with 
constitutional delay of growth (CSS), and 25 chil-
dren with growth hormone deficiency (GHD). Before 
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transfusion, Hb in concentration had not been less 
than 9 g/dl for 7 years; desferrioxamine was admin-
istered for 7-10 years. The height standard deviation 
score (HtSDS), growth velocity (GV) (cm/yr), and 
GV standard deviation score (GVDSD) of children 
and adolescents with SCD and thalassaemia were 
significantly decreased compared to normal children 
(p<0.01). Fifty one % of children with SCD had GVS-
DS less than -1. The GV of thalassaemic children was 
significantly slower than that for children with SCD. 
Children with thalassaemia and SCD had HtSDS and 
GVSDS comparable to those for children with CSS 
but higher than those for patients with GHD. 

The MAC and triceps skin fold thickness were 
significantly smaller in children with thalassaemia and 
SCD compared to normal children. The upper/lower 
segment ratio was significantly lower in thalassaemic 
and SCD patients than in normal children.  Serum 
ferritin concentration was correlated negatively with 
the linear GV in all patients (r=-0.45, p<0.001). Short 
children with thalassaemia and SCD had significantly 
decreased serum insulin-like growth factor 1 (IGF-1) 
concentrations compared to children with CSS. Col-
lectively, these data confirm the high prevalence of 
impaired growth and pubertal delay/failure in children 
and adolescents with SCD (72).

A survey of 63 children with SCD in Baltimore 
reported that 25% were lower than the 5th percentile 
for either height for age, weight for age, or weight for 
height (73).

A prospective longitudinal study reported the ef-
fects of SCD severity and nutritional status on growth 
for 4 years. In 148 children with SCD (78 females), 
growth in height, weight, or BMI declined in 84% of 
subjects; 38% fell below the 5th percentile in one or 
more measures. For all children, the percentage of sub-
jects who exhibited growth failure (≤5th percentile) at 
any time during the study was 26%, 22%, and 24%, 
for weight, height, and BMI, respectively. Puberty was 
delayed 1 to 2 y, and median age at menarche was 13.2 
y. Skeletal age was delayed by 0.7±1.4 y overall and 
by 1.3±1.5 y in children 10 to 15 y old. Height status 
declined over time and was positively associated with 
advancing puberty and hematological measures in 
girls, and nutritional status in girls and boys. The lon-
gitudinal regression models consistently indicated that 

for unknown reason girls experienced some growth 
recovery with the onset and progression through pu-
berty, whereas for boys, there was no positive effect of 
puberty on growth (74-77).

In the Stroke Prevention Trial for Sickle Cell 
Anemia Study (STOP Trial), a well-controlled long-
term transfusion therapy protocol, height, weight, and 
BMI Z scores improved significantly in those receiving 
transfusions, whereas there were no changes in growth 
status in the control group. After 24 mo of treatment, 
children in the transfusion group approached normal 
height for age and weight for age Z scores (78, 79).

Soliman et al. in two studies found that 9 of 21 
and 8 of 15 children with SCD had a defective GH 
response to both clonidine and glucagon provocation 
(peak<10 micrograms/L). These children differed from 
the other 12 children with SCD in having slower linear 
growth velocity (GV and GVSDS), lower circulating 
concentrations of IGF-I and IGFBP-3. These patients 
had partial or complete empty sellae in CT scans of 
the hypothalamic-pituitary area. The two groups with 
SCD did not differ significantly in dietary intake, body 
mass index (BMI), midarm circumferences, skinfold 
thickness, serum albumin concentration, or intestinal 
absorption of D-xylose. A single injection of GH pro-
duced a smaller increase in circulating IGF-I in chil-
dren with SCD with or without defective GH secre-
tion versus 10 age-matched children with idiopathic 
short stature (ISS) and 11 children with isolated GH 
deficiency (GHD), suggesting partial GH resistance 
in the SCD group (80,81) .

Collett-Solberg et al, demonstrated that children 
with SCD have abnormalities in the IGF-I axis, which 
worsen with age (82). Nunlee-Bland et al, reported 
high incidence of GH deficiency in children with 
SCD(SS). They treated 5 patients with GH for 3 or 
more years and demonstrated significant improvement 
in their height SDS (83).

Defective GH release, and consequently low 
IGF-I production and slow growth velocity in children 
with SCD might be secondary to hypoxic-vascular in-
sults to their hypothalamic-pituitary axis during one or 
more of the sickling episodes (80, 81, 83). In support 
of these findings, Smiley et al found that children with 
SCD whose height is below the 25th percentile for age 
have significantly decreased serum IGF-I concentra-
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tions compared with children with constitutional short 
stature. The authors suggested that decreased synthesis 
of IGF-I may be secondary to a disturbed GH–IGF-1 
axis, undernutrition, or the hypermetabolic state of the 
disease (84).

Luporini et al. studied growth parameters and 
plasma concentrations of growth hormone (GH), 
IGF-1, and IGFBP-3 in 41 children with SCD whose 
haplotypes were defined. Results showed that plasma 
concentrations of IGF-I (total, free, and free/total 
fraction) and IGFBP-3 were significantly reduced in 
all patients with sickle cell anemia compared with the 
healthy children. Patients with the CAR/CAR hap-
lotype had significantly lower mean growth velocity 
compared with those with Ben/Ben. When the GH/
IGF axis elements were compared in relation with the 
different haplotypes, total IGF-I levels in CAR/CAR 
patients were significantly lower compared with levels 
in patients with Ben/Ben. A positive relationship was 

found between hematocrit and fetal hemoglobin per-
centages on the one hand and total IGF-I, free/total 
IGF-I, and IGFBP-3 on the other hand in patients 
with SCD. Authors suggested that delayed growth 
of these patients may be linked to intrinsic factors of 
the disease and assumed that decrease of total IGF-
I concentrations in patients with CAR/CAR haplo-
type is secondary to the severity of the disease (85). 
In support of this view, Brazilian studies also found 
a correlation between SCD clinical manifestations 
and Hb F and the beta S-globin haplotype, including 
more vaso-occlusive crises, more infections and slower 
growth (86). 

In addition, abnormalities in gonadotropin secre-
tion patterns (elevated luteinizing hormone (LH) and 
depressed follicle-stimulating hormone (FSH) in early 
puberty) in boys and girls with SCD and poor testos-
terone response to gonadotrophin-releasing hormone 
in some boys suggest impairments in the regulatory 

Figure 1. Mechanisms of growth impairment in chronic anemias
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feedback mechanisms of the hypothalamic-pituitary-
gonadal axis leading to sexual maturity (87, 88).

Moreover, nutritional studies of children with SCD 
have identified numerous deficits that likely contribute 
to growth failure. Increased energy requirements have 
been reported for children, teenagers, and adults with 
SCD in their usual state of health. Increased protein 
turnover adds an additional nutritional burden. Nutri-
ent deficiencies based on biomarkers have been reported 
for vitamins B6, D, and E, retinol and zinc. In a 12-mo 
trial, zinc supplementation was shown to increase linear 
growth in children with SCD-SS. However, there are 
remarkably few supplementation or general nutrition 
intervention studies aimed at improving growth or nu-
tritional status in children with SCD (89-99).

Conclusions

It appears that all forms of chronic anemia have 
a negative effect on linear growth during all stages 
of growth (infancy, childhood and adolescence). Al-
though infants with chronic IDA may have delayed 
cognitive, motor, and affective development that may 
be long-lasting, it appears that growth abnormalities 
can be entirely corrected. Defective growth in chronic 
anemias is mediated partially through defective GH- 
IGF-I secretion. Correction of all forms of anemia is 
associated with partial or complete catch-up growth 
and a significant increase in IGF-I secretion (Figure 1).

In view of the significant impact of chronic anemi-
as on growth and pubertal development, endocrinolo-
gists should advocate primary prevention and screening 
for growth abnormalities in these forms of anemia ac-
cording to their prevalence. Adequate correction of the 
anemia, sound nutrition, early diagnosis and manage-
ment of dysfunction of growth and pubertal axes can 
markedly improve the final outcome of these children.
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